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The performance of the F-104A4 is superior to the per.
formance of other Century Series Fighters currently in
production.

Low internal fue! capacity severely limits the combat
radins of action. This factor, together with the large
variations of performunce with temperature change, the
bigh speed and bigh altitude capabilities, all comhine to
complicate optimum utilization of the aircraft. Successful
integration of the F-104A into the SAGE system is essential
if its maximum potential us an interceptor is to be realized.

The fine bandling characteristics in the normal flight
region are offset by an uncontrollable pitch-up at high
angles of attack which iucreases in severity during uc-
celerated maneuvers. Spin recovery bas ndt been demon-
strated. Characteiistics precediug pitch-up are similar to
those experienced in the F-101, but result in more violent
maneuvers, It is expected that little or ne natural warning
will occur at supersonic speeds, and that the high load
factors encountered in a supersonic pitch-up may lead to
loss of bolh aircraft and pilot.

This report bas been veviewed end spproved. /7 DECERMBER 1086

B nee
Celonel, UBSAP
Director Flight Test

Srigadior Ganerveal, UBAPF
Cemmandaer

e i p—— o Aot 31 0 s s e

L e At et M



o—

T T e TN TS g

INTRODUCTION

TRET REVULTS:
FERFORMANGS

TESY NESULTS:
STABILIYY
AND CONTROL

CoONGLUSIONS
NECOMMENDATIONS
APPENDIX |

APPENOIN ¥
APPENDIA 8
APPENDIX IV’

c e e emams - ——

TABLE OF CONTENTS

COCRMT LVAluaTION . . L
STARTING. TAZIING ANO CROUNG AANGLING _ . __ _
TARL.OFF AND AGCILINATION 16 CLIMG SCNEDULEL

ClLiwe . -

LAVEL Puiemt .

—

TURNING PLRTORMANCE ..

ascinn T

LANGING —_—

ENGING PEmveRMaNct _ . _

* B e s W e NN W

CONTRGL SVITim .

L}

LEVEL FLIGHT NANGLING CHARACILRISTICS 8
CONTRACTAR SUVILOPMINT PROGRAM "
— - -1

- e - 14
OATA ANALTSIS M{THORS - 18
PIRIOOMANCE NG STAONITY MOTS "
SINEAAL AINCAAIT INQAMATION [
NUMAN FACTORS LYALUATIGN . -

1037 BATA CORRICTED 7om INSTOUMIKT (RROR

‘nere ghﬂ
' wwgumm:m

0 eperely velute.

Ll B e

B T CIRE LU P,

RO O S RL TN DR S N

e N Rene s e ke’ A



INTRODUCTION

This report presents the resules of the Phase 11
flighe test of the F-104A, S/N 55.2955. A human
factors evaluation is presented in Appendix 111, The
program was conducted at Edwards Air Force Base,
California, from 27 July 1956 to0 23 Auguse 1956.
Flying time amounting to 18 hours was obtained
during 29 flights.
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The F-104A is a single place. light weighe, aie
superiority fighter powered by one General Electric
J79-GE.3 axinl flow curbojet engine with after.
burner. The outstanding exteenal features of the
aircraft are the extremely shoet wing span, the long,
ncedle nosed fuselage and a high horizontal seabii-
izer. la addition to the normal wing flaps mounted
in the trailing edge of the wing, a three position
flap has been incorpornted in the leading edge of the
wing. A blowiag type boundary layer control sys-
tem is incorporated which begins operation after the
trailing edge flaps have been deflected pase the ake-
off position. Speed brakes are mounted on eicher side
of the aft fuselage. Air intakes are "D shaped with
very sharp leading edges, and ace cheek-mounted on
the fuselage. The cockpit has an unconvencional
side opening canopy. FEmergency escape is provided
by downward seat ejection through a hatch juse
forward of the nose gear. A drag chute is housed in
the bottom of the fuselage near the aft end of the
aircraft,

The engine was Jesigned to have a high thruse/
weight ratio and to deliver 15,500 pounds thruse
augmented and 10,000 pounds theust unaugmented
ac scandard ses level static conditions. The com.
pressor is a 17 suage, 12 t0 | pressure ratic, single
roror, axial flow type with the firse six scator scages
variable. The curbine rotor has three scages and is
designed for a turbine inlet temperature of 1700
degrees Fahrenheic,

f‘?c:}‘l"n“: ' .
C e oAl Xag
Primasy Alg ——

‘The exhunst nnssle is & vuriahle area, converging-
divorging avendynamic type. The wngsle aisembly comsists
of o primary and secondury nnttle, euch equipped 1with
movable fingers. The vesamdury nntile shruud muver oft
at the hngers npen,

The tese aicceafe was equipped with a “Phase O
engine. This engine will be supplunted by a ""Phase
1" engine in the Phase IV airplane. It is ancicipaced
that a preliminary repore will be distributed during
Januaey 1957 comparing performance of the
F-10:A with the two engines.

Control is provided by conventional ailerons, z2n
all-moving stabilizer and flap cype rudder. Pitch,
roll, and yaw dampers are provided. The horizontal
tail is actuated through a fully irreversible system.
Hydraulic pressure is supplied by the engine to two
hydraulic cylinders. An emergency wind driven
turbine is installed ¢to provide hydraulic pressure in
the event of engine failure. Artificial feel is peo-
duced by a preloaded spring and a bobweight. The
directional control syscem has a plain flap-cype
rudder which is actuated by a cable from the rudder
pedals. Rudder boost is not provided. A preloaded
centering spring provides artificial feel and a spring
loaded centering lock holds the rudder at zero deflec-
tion against airloads when there is no force on the
rudder pedais. The lateral control system consists of
flap cype outboard ailerons which are actuated by
hydraulic cylinders, and is fully irreversible.

No external stoces were available at the time these
tests were made; consequently, all data in chis report
is tepreseniative of the clean sirplane only.

BY)
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TEST RESULTS:
PERFORMANCE

The cockpit arrangement is generally satisfactory.
With the exceprion of the fipoup scamdby compass,
all conteols and switches are casily accessible to the
pilot even with the shoulder harness locked. Piloes
weee favorably impressed with the logical arrange-
ment of the insccument panel and the etficient pre.
sentation of the control clements, which are well
forward on the console. The dual rear view mirror,
simliar to thae in the F.101, is quite satisfacroey. e
provides better rear visibilicy than the single cen.
teeed mirror in the XF-104. The following items are
unsatisfactory:

1. The circuit beeakers reveal a white coloe ac the
base when “popped™ that is similar to the aluminum
bachground, This makes it necessary to identify a
“popped” breaker from its heighe compaead o sue-
rounding heeakers,

2. The deag chuee “T™ handle is Aot vasily acces-
sible and is similae to the emuergency landing gear
"T handle, which is adjacene but rocated Y0 degrees.

3. The muster caution light is red buc should be
ambwr.  Also, ic is not bright enough to attract
atrention in dircct sunlight, or even when shaded.
Other lights un the master warning pane! are not
satisfactoeily brighe in dicect sunlighe.

4. The 2.inch accelerometer is unsatisfactory for
eeusons Jissussed under “Iateecepe Mission®,

3. The M-l aiespeed-Mach indicatoe is unsaisfac.
tory for the usual reasons of puur readability and
congusted scile,

6. Itis awkward for the piloe w raise the canopy
the ventilate position when wearing a peessuce suit,
This condition dues nut exist when wearing a flying
suit, and is caused only by the seserictuve natuee of
the pressure suit,

7. The compressar inlet emperature gage is dis.
played on che lowee section of the insceunient panel
in F10iA's ather than the one tested. Te was locaced
nexe to the ainspeed-Mach indicatoe in the twese air-
crale, “Ihis is a desicable location since such a critical
indicatoe bwlongs in the group of flight imtrumens,
A detailed evaluation of the cnkpit is presenced as
Appensox THE of this eepoer,

T

0 starting, taxiing, and ground

handling

Sarting procedure is similar co chat used in other
Century Serivs Fighters, A stare switch must be actu.
ated to allow searting nir to tuen the engine, and
the chrottle is opened to idle at 13 percene epm.

Taxiing chacacteristics of the F-lO4A are satis.
fuctory, und visibilicy is cxcellent. Power musc be
advanced to 82 percent rpm to inicinte taxi roll to
avoid operation in the restricted range of 67 two 82
percent epm. The throcele is then moved to idle,
which provides adequite chruse for axi. Nose wheel
steecing. while not as peecise as thac in the F- 100, is
satisfuctory, and secondary directional control with
beaking is adequate. The requiremence thae the
eockpic air conditioning system be set to "RAM
AIR" during ground aperations is unsatisfactory, It
is nccessary, howesee, to prevent hot aie from the
heat exchanger from being exhausted into the aft
fuselage sectiva with consequent overheating,

take -0 and acceleration fo
citmb schedule

Excessive brake pedal force is required to hold the
aircealt with militaey power, and the beakes muse be
"pumped” seseral times o incrense theie effective.
ness hefore the throcle is advanced to this seteing.
The afeerburnee is lit afeer initiation of ground eoll.
Diecctivnal conteol is maintained with nose wheel
steering until the rudder becomues effective ae 60
knots 1AS. The aircraft is rotated ac 150 knoes 1AS,
and take-off is made at 170 Rnots wich either milicary
or maximum power, The present tice appears o be
critical during relatisely long take-olf rolls. ‘The
teend pected off one tire dusing a mission when a
militaey power take-off was made in reliatively coul
air.

The gear is eetracted as soon as the airceafe bee
comus airboene, Reteaction tdme is fase, amd the rapid
acecleration afier take-off does not impair gear
fetruction,

The takeaoll tdapy are oot retracted before 250
koot TAS o peeseat inducing stall warning buffer,
The nose up teim change which occars during tlap
retran tion s pog objectionable,

Enat Sk
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Takewll performance is shown graphically in
Figurs 1oand due a optimum speeds is tabulated

below:
TAKE-OFE PERFORMANCE

True Spued  1AS ot True Spend Grawnd Total Bistence
at faheof  TingaW 2t 30 feet  Rell Quer 90 Feut
Ats. hty, ks, LA Ohstacio~-1t

MAX. PWR. 170 170 200 2200 3350
MIL. PWR. 170 170 200 1800 7150

cilmb

Accelesation  aftee  take-off  with maximum
powere is very rapid, and care muse he taken not o
osershoot the recommended climb schedule of 92%
Mach number. Satisfactory transition to a climhing
attitude was made by holding aceeleration ae 1.5g
abose Mach .75 until che dusired flighe path was
intercepred. Normal acecleracion is then eeduced o
Kg 0 renin on climb schedule, Optimum ¢limb
technigue at maximum posee calls foe a subsonic
cHimdy o 35000 fevt, acceleration o Mach 2.0 at this
altitude and supersonic climb o the desired altitude.
Although higher rates of climb may be ohtained ac
L6 s 1.7 Mach numbser, the supeesonic climb should
he mude ac 2.0 Mich aumber since the higher toral
energy descloped ae thae speed increcases mancuvee.
ing capabilities and permits highe, alotudes o be
reachial during soom climbs,

Zoom capabality iv autstanding, (Reference Fige
uree 160 A altitude of T0000 feee muy be ecached
during & smom from near absolute ceiling even
though the afteehuener “hlows ouc” ac about 65,000
feet,

Climb peeformance with milicary power is quite
muodest i eesubes in a combac ceiling of (0,000 feet,
While militery power may e usal o extend range,
the atweeburner should be e betoeg eeaching 29480
feee, since consistene lighes can noe ke obtiined above
taat altitide, Seevice ceiling with maximuim power
is approximately $$,000 feet ac 1LY Mach number.
Climdy perfoemance is shown in Figuees 2 and 3 and
is swmmarized in the following tble for 4 gross
wepthe af 15500 pounds at engine staet:

MILITARY CLIME PERFORMANCE

ALTITUOE  RATE OF CLIMD PIME TO CLIMS  FUSL FLOW MACH
" "o NN, L8 WA, NuMeLR
SEA LEVEL 12,100 0 10,400 820
10,000 10,500 3 1,900 450
20,000 1,900 1.95 5.900 480
30,000 4,400 36 4,200 s
49,000 500 - 2,800 928

MAXIMUM CLIMEB FPERFORMANCE

MTITUOL  AATE OF CLIME TIME T8 CLIME  FUCL FLOW Macw
. "o, ) ) NoMB(R
SEA LEVEL 41,300 0 41,800 925
10,000 35,800 30 31,000 925
20,000 28,100 60 22,600 925

30,000 20,200 1.08 16,200 925
40,000 15,700 4.70° 22,000 19
50,000 1,500 1.58° 14,500 19
35,000 100 8.8 11,200 19

“ingivdes tima te atcolersie 1o suparionia tiimb speed ot 39,000 feetl.

level Nlight

Maximum range is obtained near 9 Mach at
about 35,000 feet. Power required daca at 35,000 feee
indicutes a recommended cruise speed of 89 Mach
aumber for a weighe of 16,(00 pounds. A speed of
I8 Mach numbee was obtained with military power
as that altitude and weighe. Inirial acceleration from
cruise speed is compuratively low and eeaches a
minimun ac 1.1 Mach dumber. At speeds above 1.1
Mach numnber the acceleration increases and a maxi.
mum rate is obained at 1.6 to 1.7 Mach aumber,
At highee speeds acceleration becomes lower al.
though it is still quite rapid ac che limiting speed
of Mach 2.0, (Limit imposed by compressor inlet
temperiature of 250 degrees Fuhrenheit.)

Acceleeations made ae 35,000, 0,000 and {5,000
feet are peosenterd in Figuees 10, 11 and 12, A sum.
mury of these ples is tabulated for an aceeleration
start weighe of 16,700 pounds,

e et e By ye g o
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ACCELERATION PERFORMANCE

MALN Mg FURL usED DisTanct
HYMBLR MIN, (1} NN,
35,000 Fest
1.08 0 0 0
1.2 53 150 e
1.4 1:18 330 13
1.8 1.85 820 25
1.8 220 40 2
20 295 1120 43
40,000 Feet
1.08 0 0 0
1.2 95 220 10.5
14 1.95 480 228
1.8 a8 $50 2
1.8 32 880 42
20 4.05 1180 LY
45,000 feet
1.05 0 0 0
12 1.7 2% 18
1.4 33 650 40
1.8 48 10 S
1.8 LY ] 170 ns
20 s 1500 N

I¢ should be pointed out that operation at low
supersonic speeds (below 1.3 Mach) in aftecbuener
becomes very costly in terms of fuel consumed, as
does acceleration at less chan maximum power,

It becomes virtually impossi'sle tw Ay the air-
plane ac constane speed and altitude at supersonic
speeds since the drag and thrust required curves are
neurly parallel. However, supersonic cruise muy be
maintained by adjusting alticude 10 keep Mach num.
ber constant. Supersonic cruise data was obeained a¢
40,000 and 43,000 feet from accelerations and decel.
erations, and is presented in Figure 8. 1t is incerese.
ing to note that specific range at Mach 2.0 a¢ {0,000
feee is only one-fourth thae obtained a¢ the recom.
mended cruise speed ac 35,000 feer,

Speed beake coffectiveness is satisfuctoey, Decel.
eration with speed breake extension is higher than
that obtiined with the F 100, The speed beake switch
must he left in the "up” position during noemal
Sight to prevene the brakes from being "sucked™
open. This condition is unsatisfactoey,

B turning performance

Although the turning capability of the F-104A
at subsonic speeds is poor, turning capabilicy at
supersonic speeds is outstanding, Daca from sceady
turns is presented in Figure 13 and from decelerat.
ing turns in Figure 14, A brief summary of both
types of tuen is shown for a weight of 16,000 pounds:

MAXIMUM LOAD FACTORS
iIN STEADY PLIGHT

ALnITuee Macn L0AB factor
- f1. NUMSER —
35,000 15 21
35,000 1.7 285
35,000 19 2.1
40,000 15 21
40,000 17 2.2
40,000 19 215
45,000 1.5 1.7
43,000 1.7 18
43,000 19 17

CHANGE IN MEADING FOR LOSS
IN MACH MUMBER OF .1 DURING
ODECHELERATING TURNS

1080 *INTABING/

aniuet racten MAGH -1 MACH

— 1. —3 Lt wumetn
40,000 k) 1.5 L]
40,000 3 1.7 6l
40,0600 3 19 61
40,000 4 13 28
40,000 4 1.1 k1]
40,000 4 1.9 bi]
50,000 2 1.9 k)
$0,000 2 1.7 4
$0,000 2 1.9 41
50,000 3 1.5 20
50,000 3 1.7 N
50,000 3 19 2
55,000 2 1.9 24
$5,000 2 1.} 25
55,000 2 1.9 25
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8 descenta

No pueticulae descent technigue was detesmined
during Phase Il teses, Satisfactoey let-down from
maximum spead it maximum alticude oe from zooms
can be accomplished by reducing powere to miliary.
The aircrafe will decelerate with decreasing altitude,
reaching subsonic speed at about 30,000 feee. Con.
stant airspeed descents provide more uniform pitch
angles than do constane Mach number descents, and
are cunsidercd to be more practical. Maximum range
will probably be achicved by reducing power to idle
when subsonic flight is reached, and maintaining a
constant glide spevd of aboue 299 knots TAS. If a
higher rate of descent is desired, the speed brake
can bs extended or let.down speed incoeased,

landing

Inicial approach should be made near 300 knots®
with fHaps excended to the take-off position imme-.
diately before “break”. Two featuecs of landing fAap
operation are undesirable. First, an objectionable
lateral trim chunge occurs with extension of the
landing flaps. Second, positive sclection of take-off
flaps is not provided. The flaps may be raised inad-
vertently co the full up position when making a go
around. A wide pattern with power on is made.
The gear is lowered on the down wind leg opposite
the end of the runway st 230 to 290 knots. Airspeed
is held at 220 knots on the buse leg uncil flaps are
extended to the landing position. The speed is then
allowed to decrease and the finul turn completed at
nut less than 190 knots. A speed on final approach
of 160 knots foe a single airplane and 170 knors
for fuemation flight is recommended. Partial power
reduction and speed brake deployment during flare
decelerate the aircrafe 1o a noemal touchdown speed
of 145 knots oe (o 140 knots for a minimum distance
landing, The nose wheel is lowered immediacely
after touchdown and the drag chute is deployed.
Nose wheel sceering is engaged as the drag chuce is
deployed o augment the ruddee and brakes for
directional control. Heavy hraking should aoe be
attempted until the chute has deployed since the
sudden deceleration caused by chute deployment
tends (o make the piloc inceense brake pedal foece

" maore than desired.

Landing performance was obtained with flaps
in the Linding position and with che boundary layer
control operating, A graphical presentation is e
in Figuee 17 for a weighe of 1L50 pounds and s
sumnnitized in the fullowing table:

O AN apeds revammndd are ondicated qirvpacdy wnldons
atherene wntcd,

S R Y O T

LANDING PERFORMANCE

Trve Spesd IAS at Tree Speed Ground Totsl Distanes
ot Tanchdown Touthdown Gver 30 Feet Roll  Ower 30 Feot
hts. ats,  Ohateciomuits. 1. Obstacie—it,

W/0rag Chute 142 140 155 2020 5550
Wo/Orag Chute 142 140 155 3080

These distances could be reduced by improving
beake effectivencss, and by reducing the time re-
quired for the chute to deploy in ordee thace heavy
beaking may be applied sooner,

Reliability of the drag chute was unsatisfactory,
Three failures were experienced during the program.

No dead stick landings or simulated dead stick
landings were made with the F-104A. An ¢valuation
of simulated dead stick landings was made in the
XF-104 prior to the Phase 11 program. A hi~ key
of 18,000 feet was required with geer down and
take-off flaps to comiplete a 360 degree overhead
approach. A rate of descent of approximacely 10,000
feee per minute can be expocted with a dead engine.
A speed of 240 knots should be maintained in the
landing pactern to allow sufficient maneuvering for
flace and touchdown at 190 knots. The piloc has little
margin for error in completing a landing pactern.
Even if a successful demonscration of a dead stick
landing is made on Rogers Dey Lake in un F-104A,
the feasibility of landing on operational airstrips
is questionable. Bail-out could be the other alterna.
tive in tactical use.

onginae parformance

It was known prior to the initiation of the Phase
11 tests chat the engine in the F-10{A did not mees
the guarantces in thrust and thac specific fuel con.
sumptions were higher than design values, 1n addi-
tion, other engine deficiencies limit che operational
use of the F-10{A.

@ Afserburner Ignition und Operation: Aftesburner

lights could noc be obtained consistently above
29,000 feee at subsonic speed, and afterburner opera.
tion wus limited in altitude o 10,000 feue ac subsonic
speeds and o 65,000 feet ae 1.7 Mach number during
zoom climbs. Above these altitudes compressor iniet
pressure was below the minimun requiced for after-
buence operation. The atterburnce blew oud on five
occasions ducing supersonic zooms, bue did not
causwe compressor saulls, Two subsonic blowouts e
approximatcly 10,000 feet induced compressor stalls
and one engine flameout,
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® RPN Restriction: The “"Phase O” engine cannot be

operated continuously berween idle and 82 percent
rpm due to a critical harmonic frequency in the
compressor blades. This restriction is particularly
cbjectionable during landing.

Engine Couling: Cooling of the engine during
ground operation is unsatisfactory if the cockpit
air conditioner is in operation. This required chat
all taxiing Le done with the temperature control in
the “"RAM AIR" position.

Throttle Operation: The force required to move the
throctle is abnoemally high, andd no frictivn control
is provided. Friction is so greac thac metal flakes
ace ground off the throttle arm during formation
flights when the throctle is used cxtensively. Gea-
phite lubrication temporarily coerected the situation
and reduced the force required to mave the throctle,
but after 30 minutes of formation flying the lubri.
cation had worn away,

A dead band in the throutle position makes
adjustments in power uncertain. This dead band
allows afterbuvner operation to continue afice the
throttle has been moved from the afterburner detent
to the military power pusition, and causes excessive
throttle movement in formation flying.

Theottling in afrerhurner does not provide a
uniform variution in thrust. Three discontinuitics
sre evillene when moving the cheottle from i
mum afterhurner to maximum power, the mos
noticeable being when the change is made from
sector <o uniform burning,

The throttle movamene in afcerhuraer is oo
shoret. The reseeicted chrottle movemene togecher
with the dead band and discontinuitivs in thrust
make adjustment of intermediate power settings
vircually impossible, and preclude foemation dying
at supersonic speads,

The control would be more useful foe super.
sonic foemacion fying i engine speed could be
varied while in minimum afterbuence to provide
airplane speed control in the extremely wide sange
between military power and minimum afteeburner,

Sccondury airflow was controlled by means of
u tese instullution. By.puss area was selected munually
by opernting theee switches controlling three sog-
ments of Naps. Arcus recommended by che con.
tractoe, s listed below were used throughout the
test program,

FLAP POSITION
I’(«M.S.S AREA A ] ¢

BELOW 1.5 MACH NUMBER 44
ABOVE 1.5 MACH NUMBER 82

Intercept Missions: Simulated intercept missions,
represcatative of those planned by the Air Defense
Command, were made. Only maximum power, short
range intcrcepe missions were flown, and che follow.
ing profile was followed in all cases:

1. Maximum power take-off and climb o 35,000
feet.

2. Arceleration ac 39,000 fees to 1.9 Mach number.

3. Climbing turn ac 1.9 Mach number holding 1.5g
through 180 degrees.

{. Climb and acceleratinn to Mach 2.0

5% Zoom climb and interception ac 63,000 fect.
(Note: All missions were made without missiles
and with the standaed internal fucl quaatcicty of
763 gallons, which resulted in an engine stare
weight of 18,500 pounds.)

The uboy  conditions result in interception ac
only 10 miles frum tuke-off, after an inveeval of 10
minutes. A considerable improvement in this radius
of intercept may be made, provided more time is
available: Firse, if military power is used during
talee-off and climb to 35,000 feet, 30 more miles are
covered while using 300 pounds less tuel; Second,
the mission vutlined above results in a fuel quinticy
remsining at ntercepe ot 1500 pounds, With 200 o
300 pounls used during descene, the fuel reserve for
landing is cunsidered more than adequace, Buse
cruise specd could be maintained following a mili.
tary power climb for a distance of about 70 miles
and the same profile followed through intercepe
Sufficient fucl for descent and cruise back would be
availuble to permic tandiog with a fuel eeseeve of
approxinuely 1000 pounds, This peocedure would
rosule in an inteecepe radiuy of 11O miles. A further

Open Closed Closed
Open Cloued Open
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increase in radius would be obtained during intee.
cupts made at lower alticudes. An additional increase
woull also result from acceleeations at somewhat
higher aleicudes, but at the expense of time to inter-
cepr.

The above dicussion is predicated on standard
day temperatures. Acceleration performunce in par-
ticular varies widely with ambient temperatures.
The variation in accelecation performance from a
Mach ni:mber of 1.05 to 2.0 is shown below:

VARIATION OF ACCELERATION
PERFORMANCE AT 38,000 FERT
T WITH TEMPERATURE
TEMPERATURE
10 OEgACES

SELOW  STANDARD  ABOVE
STANOARD  (— 33°C) STANGARD

TIME — MINUTES 218 295 433
DISTANCE TRAVELED
— NAUTICAL MILES 30 a L]

FUEL USED — POUNOS 0 120 1580

In ocdee to obtain maximum cadius of action, sccel-
cration must be made at the optimum altitude.

Considering the high speeds and altitudes
planned for the F-104A at intercept, its limited en-
durance, and variation in performance with ambient
conditions, an interception must, of necessity, be &
very precise maneuver, It becomes evident that suc-
cessful integration of the F-104A into the SAGE
system is essential to make the F-104A of value as
an interceptor,

A sensitive sccelerometer hecomes essential
during an intercepe mission. First, ic aids che piloc
in making a transition from acceleration after cake-
off to the desired climb schedule. Second, it is neces-
saty ducing a controlled turn o avoid undue errors
in position. Finslly, it should be used diring zoom
climbs 50 they may be made with & minimum loss
of energy.
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8 control system STATIC

The excelient lateral and longitudinai control
syscems in the XF-10{ have been faicly weil dupli-
caced in the F-10{A. A reduction of force in the
latezal conerol system is desirable to make it match
the feel system in the longitudinal control. The
longitudinal trim response is excessively slow. Trim
rate is satisfactory once a conscant rate has been
acnined.

Uasaiisfactory dimper operation existed
throughout most of the program. There were ewo
dasmper failures in Righe, and during approximacely
six flights, improper damper operstion produced
snaking or residual directional oscillacions in vary.
ing degrees of amplitude thac were noc correctable
by varying the gsin settings. Two ocher test aircraft
flown by the Air Force revesled the same deficiency.
The dampers required considersble maintenance
during the tesc program, The three sxes damper
system needs to be grestly refined before reliable
operation can be expecied.

Quantitacive stability dats was gachered with
all dampers opersting, snd a quslitacive evsluation
was made with the dampers inaperucive.

Control friction was determined in a closed
hangar. Plots of surface deflection versus force aie
presenced in Figures 61 chrough 63, and breakouc
forces ace listed in the following tible:

V2XIMUM ALLOWABLE
FORCE FROM
FRICTION MiLF8705ASE)
FORCE — 13, et
STABILIZER 4 3
ARERON ) 2
RUDDER L 1

Seabilizer force is over the specification limit
but is not considered objectionable. In-flight ailecon
breskout forces become higher than those obeained
on the ground because of cable binding in the fuse-
lage and are unsatisfactory. Rudder breakout force
is atisfactory although i¢ is made high to keep the
rudder from being moved from its neucral position
as discussed under “Directional Control".

level Night handling
charaoteristics

Longitudinal Stability: Dynamic longitudinal stabil-
ity with che pitch damper operating properly is
satisfactory sc ali subsonic speeds, but becomes un.
satisfactory ac supersonic speeds. (Reference Figures
2) through 34.) Poor damping a¢ supersonic speed:
may have resulted from insufficicne tescing by the
contractor 0 establish an optimum picch damper
grin setting,

Seacic longitudinal seabilicy is satisfactory in
spite of the wide cg travel witk | ' consumed.
Very minoe trim changes, hacdly .+ .uble to the
pilot, occur at low supersonic speeds.

Maneuvering capabilities sre poor st subsonic
speeds. (Reference Figures 38 and 39.) lnitial buffes
occurs ac 1.4g in the power.approach configuration
s¢ 200 knoes LAS, dictating an unusually wide land.
ing pattern. Lack of manzuverability inakes combat
ac high subsoric speeds inadvisable. Maneuvering
flight capabilitics st supersonic speeds are ouitand.
ing. Mancuvering flighe is charactecized by lacge
stick displacement from crim ac high load factoes.
The light stick forces are sacisfactory and permit
this movement with no great exertion. The-w are
aceas in che supersonic flight regime batween 33,000
and 43,000 feee where the maximum loud factoe is
dictaced by limic staiblizee deflection rather than



limie lowd factoe, piccheup, ve deterioention of diree.
tional staiblity. This is an unsacisfuctory condition
and does not meee the requirements of MIL-F-8785
(ASG). Lack of stubilizer cffectivencss during take-
off roll limits the nose wheel lift.off speed to a mini-
mum of 140 knots IAS with maximum stabilizer
deflection. This condition is noc consideeed serious
with che existing «g at tuke-off. The recommended
addition of internal fuel and resulting forwaed cg
travel, however, would probably provide unsadis.
factory stabilizer effectiveness.

Longitudinal trim changes are generally small,
as indicated in che following rable. None are con-
sidered large enough to be objectionable.

INITIAL TRIM CONDITIONS PARAMETER STICK FORCK
CONFIBURATIGN LD AIVER CONFISURATION
ALTITUDE — FY. I 1AS —KTS.[ GEAR | Flaps | rowiR CHANGE CONSTANY CHANGE®
10,000 250 ODewn | U " fapsta 7O Altitude |
wa (W ||| | o
twe -
15,000 30 Down | T0 10 Coor vp R/C -8
40,000 83 Up U Mii idle power ANitude 0
40,000 283 U U L] Extend speed Altitude -3

¢ Negative tign denelee pysh leres, Masimum lerees wibia § wsiads e Nalud,

A nose up trim change results frum speed brake
depluyment at speeds less than 1.75 Mach number.
A transition (o 2 nose down trim change occurs at
1.83 Mach number with no noticcable trim change
between 175 and 1.8% Mach number.

Piteh-Up Characteristics: In general, the handling
characteristics of the aircrafe are excellent, but are
offwt hy pith-up charucteristics which are as serious
or worse than those exhibited by the F.101. Al
though no picch-ups were made during these test,
characteristics preceding a pitch-up were explored
for several flight conditions ac subsonic speeds. As
pitch-up is approached ar .9 Mach aumber and be-
low. buffee is encnuntered folfowed by a noticcabls
laterul inscability, This characteristic is the same
during buth unaccelerated and accelerated flighe. Al
though this buffer and inseability would appese to
constitute adequate warning it is fele thae piloes will
mancuver in buffee because of the wide buffee region
and low luad factoes availuble a¢ subsonic speeds,
and in effect lose nneural waening of piccheup, The
speeds listed  below  were determined  from  une

sccelerated flighe ac a we. ~f 15,000 pounds with
a center ol gravity of 1. . .1t MAC.

P | AS AY
SLAR | nars l 1Nk .wmrlumm LATERAL

wil INSTABKITY
Up , Up I 2% , 1%

Dews 10 138
Down Landing o 14

* Mot datermingd,
** He e bufiat.

No pitch-ups have been made on an F.104A, but
those made with the XF-104 were unconcrollable,
becoming much more violenc during acceleraced
flight. No pitch-ups have been encountered at super-
sonic speed, but it is predicted cthae very litele or no
warning will cxist, and that the resulting load fac-
tors a¢ the higher indicated sirspeeds muy be high
enough :o destroy the airplane. An automatic pitch
control has been inscalled in all P-104's which is
designed to push forward on the stick in the cvent
af an impending pitch-up; however, the device has
nut been developed to che point where consistently
unsfactury operation may be expected, and insufh-
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ciene flighe data has beens gathered to set an optimum
boundary to provide a minimum loss of muncuver-
ability,

Directional Stability: Tests foe directional seability
indicated satisfactory results to a Mach number of
1.90; however, all tests ac high Mach number were
restricted to Ig flight. Preliminary investigation by
the contractor indicates a deteriocation in directionul
seability ac high Mach numbers, becoming more pro-
nounced as angle of attack is increased. With the
ysw damper inoperative the aircraft is safe for flight
but is tactically unusable.

The unboosted rudder control does not allow
the pilot to move the rudder surface by an appreci-
able amount excepc ac low speed. At supersonic
speeds the F.104A is essentially s two-control air.
plane. Sideslip characteristic ac low speed are satis-
factory and no undesirable characteristics were noted
with full rudder pedal deflection throughout the
speed range. It was found best to ly with feet off
the rudder pedals ac cruise specds and above to pre-
vent inadvertently moving the rudder out of lock
and allowing it to counteract consequent yaw
damper sction by flosting in the opposite direction.
The rudder lock develops play after a few flighes.
Periodic adjustment was necessary throughout the
test program (o prevent rudder flost with consequent
yaw dempur action. This condition is unsatisfactory.

Lateral Stability: A limic of one-half maximum
sileron deflection in the clean configuration was

impased during these teses pending u complete inge-
tinl coupling inveseigation. Laterul control in the
clean cunfiguration does noc meet the MIL.F.878%
(ASG) requiremene for changing bank ungle 100
degrees in one second after application of lateral
control force. { A bank angle of about {0 degrees
was obeained after one second at «0,000 feet at
Msch aumber of boch .9 and 1.9.) Full aileron
deflection was permitted in the landing configura.
tion and satisfactory roll rates were obeained. Very
little adverse yaw resulted from rolls made in the
clean configuration through 360 degrecs. It should
be noted that all rolls were made with lg entry;
adverie yaw is expected (0 increase with less than Ig
eatry a¢ cruise speeds and above.

contractor developmaeant
program

At this time the tesc airczaft inventory (com-
prised of the firsc 35 airplanes) are in various scages
of acceptance flying, inscrumencation and manufac-
ture. The following items were installed on the
Phase il cesc aiccraft, buc availability on other USAF
test aircraft is questionable:

l. Engine by-pass air flap selection.
2. Boundary layer control.
3. Laceral control with reduced friction.

4. Symmetrical speed brake operation.
5. Firewcli kit and theee-boctle oxygen supply.




Certuin  deficiencies, discussed  bulow,  were
known to exist when Phase II tests weee initineed.
Emphasis has been placed on corerecting these Jefi-
ciencies on production aircrafe ullocated to the Air
Defense Commund (article 36 and subsequent), but
modification of USAF tese aicceaft has not heen
planacd by che concractoe. Delivery date of che fiese
production aircraft is wheduled for Maech 1957,

Ventral Fin: This fix is proposed to impruve direc-
tional stability of the aircraft undee critical flight
conditions. The production plastic version, housing
ancenna equipment, is proposed for the fiese tacvical
aircrafr. Until 1ested, the worth of this item remains
questionable.

Auta Pitch Comtrol: The optimum setting kas yet
to be determined. Present contractor escimate of 1
December 1956 for an accepuible fix is fels to be
unduly apeimistic,

Ailernn Staps: Aileson throw will be restricted by
gilecon scops o approximately one-halfl maximum
travel in the clean configuration. Inertial coupling
tests will eventually determine the allowable aileron
deflection,

Misiile Launchers: The acquirement of missile
launchers fur che tese aircralt is expected o be late
because of the chauge in mission fur the F-10{A in
April 1956, 1t is unknown when esting will start on
missile firing and what organization will comduct
the test program.

W Tip Tunbs: No tip tanks have been flown on the

F104A t0 date. l¢ is expected that tip tanks will be
available prioe to the scheduled delivery date of the
fiest produccion aircrafe.

@ Pylun Tanks: Since it wus learned that pylon tanks

will be required in conjunction with project Red
Dog, thete have becn tepeated delays in the negotia.
tions between WSPO and the contractoe. The con-
tractoe has jusc now teceived approval ¢ design and
is searching for a vendor. It is estim.iied that these
tanks will be availuble no eaclier than Januacy 1958,

8 Spin Tests: Conceactor spin tests have been delayed.

There is a requirement for spin information from
concractor flight tests before the delivery of the air-
craft 1o the Air Force. The contractor is further de-
laying his spin tests with WSPO approval by chang-
ing the schedule of flighe test, After several Ig pitch-
ups have been made and ic is determined thac the
aircrait is aot prune 10 spin from unaccelerated
fighe, che No. 3 aircraft will be diverted 1o an “asuto
pitch control” peogram. This program is inadequate
in that it will not provide early informatiun on spin
characteristics amd choracteristics of pitch-up in
high-speed accelerated fight. For chis reason it is
desirable chie the No. 3 sircraft be used for spin
tests imawdiutely and the other airceaft which are
availuble be used for development of the auto pich
control device.

s
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‘Pesformance of the F-104A is ouwstanding. Time to
climb from brake release to 35,000 feer is approximacely
2.5 minutes. Acceleration is rapid above 1.3 Mach aum-
ber and excess theuse is still available ac the limic speed
of 2.0 Mach number. A service ceiling of about 55,000
feet is atrained with maximum power at 1.9 Mach number
and zo0m climb may be made 10 much higher alticudes.
A maximum of 70,000 feet may be reached, even with the
afterbuener blowing out ac 65,000 feee. Turning cap-
ability at supersonic speed is excellent, but ac subsonic
speud the wurning capability becomes poor and is suitable
only for non-combat operations. Mancuverability is ce-
swicted at supersonic speeds between 35000 and 45,000
feee by the fack of seabilizer effectivencis. A further Joss
in mancuverabilicy will resule from the peoposed addition
of inteenal fuel and resulting forward cg travel. Also,
stabilizer cffectiveness nuy become unvaisfactory ac take.




off with additional internal fuel ac che existing limit
stabilizer deflection.

One of the mose serious deficiencies in the aircraft is ics
limited combat radius. There is a critical need for an
increase in thruse and a decrease in specific fuel con-
sumpeion which will reduce the fuel required to accelerate,
and for additional internal fuel. A considerable increase
in thruse will be required to retain satisfactory performance
in the supersonic region when extetnal stores are added
to the aircrafe.

. Interception with the F-104A demands a very precise
maneuver. Successful integration of the F-104A into
the SAGE system is essential to make it of value as an
interceptor.

The fine handling characteristics in the normal flight
region are offset by an unconcrollable pitch-up ac high
angles of actack which increases in scvericy during ac-
celerated maneuvers. Characteristics preceding and due-
ing pitch-up are similar to those experienced in the F.101,
but resule in more violent maneuvers. It is expected thac
little or no warning will occur at supersonic speeds and
that the high load factors ¢ncountered may lead to de-
struction of the aircrafe.

In addition, it is expected that inertial coupling chac-
acteristics a¢ load factors of less chan g, and diceztional
stabilicy near Limit speed ac high angles of actack will be
unsacisfactoey. This is concluded from studies made by
the concractore in arens which were tescricted during Phase
11 teses and where very licele flighe testing has been accom-
plished by the contractar. .

Rolling performance is unacceptable ac all speeds in
the clean configuracion with the existing limic of one-half
of maximum aileron deflection.

Damper operation muse be made moee reliable o in-

sure tactical usefulness.

13




O O - F

VO Y

Tt N . . ., : . . Lo >~ e - . :
A I A " SRS . ‘e : v ATy
. .
Y E - N '
. PRI S . .
Tee -t g
C . “ - .
- .

It is recommended shat:
1. The following items be completed beicre the
airplane is released foe tactical use:

a. Pitch-up boundary investigation and con-
sequent development of the automatic pitch conerol.

b. Spin tests.

<. Dead stick landings.

d. Determination of directions! stabilicy char-
acteristics at high specd.

e. Thorough investigation of invrtial coupling
characteristics.

2. The combat radius of sction be increased by:

8. Increasing engine thrust and decreasing
specific fusl consumption to meet original guaran-
tees.

b. Incressing the internal fuel supply to s maxi-
mum.

3. Rolling performance be increased to provide a
minimum responss of 100 degrees change in bank
angle in one racond in the clean configuration at
cruise speeds and above.

4. The foliowing engine refinenients be mude:

8. Remove resriction on engine epm at low
speeds.

b. Remove resriction on ground cperation
with cabin usir conditivning operating.

¢. Make the engine aie by-pass Aap operation
automatic,

d. Install compressor inlet temperature gage
next to the airspeed indicator in all sircraft. Improve
the accuracy of the temperature pick-up and pro.
gram che warning lighe to flash 10 degrees ahead of
the critical temperacure.

5. Afterburncr operation be improved to:

8. Permic a more pmitive ignition procedure
and increuse subsonic ignition reiiability up to
49,000 fews.

b. Extend afterburner blowout boundary to in-
clude subswnic speeds up 1o 50,000 feee and super-
sonic speeds up to 79,000 feet.

6. Thruttle control of the engine be improved by:

a. Eliminating the dead bund in the chroctde
control,

14

b. Providing a smoother and more precise selec.
tion of afterburnce power.

¢. Providing main engine puwer control in the
minimum afterburner posicion.

d. Reducing throttle friction.

7. The three axes damper system be improved by:

s. Optimizing the gain settings, and increasing
pitch damper effectiveness if longitudinal damping
remains unsatisfactory.

b. Improving system reliabilicy.

¢. Establishing more efficient trouble shooting
procedures.

8. Improve stabilizer effectiveness so thac:

a. Maneuvering flight capabilities will noc be
limited by seabilizer defleztion.

b. Sacisfactory nose wheel lift off speeds are
maintdined with the addicion of internal fuel and
extérnal stores,

9. The lateral control breakouc force and force gra-
dienc be decreased to the extent thac it is compatible
with the longitudinal control.

10. Wheel brake cffectiveness be increased.

1l. Tire scrength be increased.

12. Drag chute reliabilicy be improved and tinwe
foe deployment reduced.

13. A sensitive accelerometer 3 inches in diamecer
be inscalled in pluce of the second heading indication
on the left side of the instrument panel.

I1. The tendency for the rudder lock to develop
play in a relatively short number of flights be elim.
inated.

19. The longitudinal trim response be incressed by
100 percent.

16. The lateral trim change that occues with exten.
sion of the flaps from take-off to landing pusition
be eliminated,

17. The flap selectoe be modified to require out.
bourd movement when going from the tnke-off posi-
tion to che landing pusition.

18, The brightness of lights an the mustee waening
puncl, be increused und the color of the master
caution lighe be chunged from ecd to umber.
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19, The size of the drag chute hundle he increased
and the hundle extended an addirional inch from
the instrument parncl,
20. The circuic breakees be colored to ceveal a red
coloe on the stem when a beeakee has “popped”,
21. A new GFE airspecd indicator be developed.
22. The nced for leaving the speed brake switch in
the “up” pusition during normal flight be elim.
inated.
23, ltems discussed under “Contractor Develop-
ment Program® be installed in tese aircralt in cases
where these items become essential in making an
adequute evaluation,

The following recommendations are based on
information presented in Appendix 11§,
1. Emphasize accelerated development of the Model
“D" seat which on the basis of scale testing indicates
a potential capability of providing for successful
emcegency escape over a greater portion of the per.
formance range of this aiccrafe.
2. Modify standardized warning streamer require.
ments for seat initiator salesy pins to allow the ii. .a
to be placed over the scick.
). Provide an improved pacachute suppoet to be
utilized wich the MC.1 airceaft cushion which will
effectively remove parachute weight from the shoul.
ders of che pilot.
4. Remove the adjustment mechanism for the lap
beic tie down strap from its present position below
the seat pan and install a simple buckle adjustrnent
similar to thac utilized on the shoulder harness. This
arrangement will make the adjustment readily avail.
able w che pilot abuve the level of the seac pan,
Strap ends may then be fiemly ascached to the seat
proper.
5. Although unusual scructural and canopy opening
features are presene in this aircrafe the addition of
external canopy release mechanism w the lefe side
of the fuselage should be given consideration. Ex.
weenal canopy relcase insteuctions should be ¢impha-
sized with more attention-diverting markings and
calars,

6. The emergency escape duca provided to the pilot
in the emergency procedure section of the proposed
handbook should be expanded o include more detail
daca on potential safe ejection areus, critical times,
etc.

7. Improved integr~-+d oxygen equipmenc and the
seat cushion suevival kit assembly should be incor-
porated as soon as possibie.

8. Location of oxygen hose should be such that
minimum clucter occurs on the body of the pilot.

9. The landing gear down lock override should be
located or re-designed 30 as to preclude interference
from panel structure.

10. The manually astivated controls on the forward
instrument panel which include manual gear release,
turbine extension, pylon tank jectison, and tip tank
jettison should be identified with colors symbolizing
emnergency coatrols. This is also true of the manual
hatch release.

tl. Determine the feasibility of interchanging the
Radio M.ignetic Indicatoe with s V-8 or similar type
sectable disl moving pointer indicator.

12. Provide a snap up card holder to hold index
charts of frequencies assigned to the UHF chanaeis.
This should be lucated 50 as to be legible and acces.
sible to the pilor.

13. Identify switch guacds on alternacors, fuel cank
jettisun controls, and the scabilicy augineacation con.
trol punel with word marking on the ewirch cnvers
peoper.

14. Provide storage 1rea for maps or reference daca
readily available ro the pilot.

13. Color-code prime radar control switches on the
armament puncl us an aid for discinguishing func.
tions involved.

16. Evaluate the requirement for an aic source as
required for the ventilating garment component of
the unticxpeisure suic assembly,
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This apfu'mli\' includes a description of the methods
employed in veducing the test data to standard conditions,
The following references bate been nsed and will be men-
tioned dm'mq the discussion:

l. Air Force Flight Test Center- Technical Note R-12,
"Standurdization of Take-Off Performance Measurements |

for Airplanes”,

2. AF Technical Report Number 6273, “Flight Test Engi-

neering Mawual”,

3. Guneral Electric Report Number R55AGTH00, “Esti-

mated Minimum Performance of the General Electric ]79

Turbojet Engine.

Analysls lll.ohods

8 take -offa
Corrections to grous:d rolls and air discances for
wind velocity were made using equations in refer.

ence 1. Remaining corrections, also based on refer-
ence | were made a3 follows:

@@
NCROMOR

W = airplane gross weighe, pounds
v = air density eatio
F = theuse uc mean speed, pounds
subscripts , and | refer (o standacd and
test conditions.

where:

® level thight

Subsonic power required duta was obtained in
stabilized level flight using the constance weighe
pressure catio technique, Since noezle area remaing
constant from an rom of 85 percent (o normal eaced
power ac 10O percent, conventioaul methads of coe-
recting data to standard conditions weee employul.
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At militaey and aftecburning power settings the
engine no longee behaved as a simple jet and it
becume necessacy to make corrections foe variations
in temperatuee bused on the engine manufacturer's
cstimated duta. Accelerations wich intermediate
afterburnce settings were made to limit speed, and
decelerations with minimum afterburning  were
made from Lmit speed until a stabilize] speed was
apprauched. Fuel Rows were corrected to standaed
temperatuce using plots of J(w,/8,) versus T,
derived from reference 3. — 3T,

Values of excess thrust weee computed and che
fuel Aows required for “stabilized” level flighe de-
termined from plots of Aw; versus (T,) alo de-
rived from reference 3. 3T,

where:

w, = fuel low, pounds/hout
T, + = excess theuse, pounds
8, = compressor inlet pressure/ambienc
ses level pressure
T = ambient temperature, *K

Fuel flows were then corrected to a siandard weight
by interpolating hetween tes¢ values of weight.
pressure ratio on a plot of fuel flow versus Mach

number.

8 climbs
It is convenieat to work with the following

equation to find rate of change of specific energy
at tesc weight and thrust:

A dE T L L[NtV
W dt < Tee At 2z

(‘V..‘-—V...+w,~w‘)+(H,,-H.‘)]

whers:

W = sirplane gross weighe, pounds
_1_ dE = rate of change of specific energy,
W de¢ feet/minute
T = test ambienc temperature, *K
T,. = standard ambient temperacure, °K
At = difference in time, minutes
Y., = teue speed, feer/second
g = acceleration of gravicy, 32,16
feet/sccond?
w = wind speed. feet/second, (tailwind +)

H. = calibrated altitude

subncripts 1 and 2 refer co data ac times of | and 2.

Temperature coreections were made by using
plots showing variation in corrected net thrust with
tempernture and converting the thrust correction to
a rate of climb correction through the following
equation:

AR/C = AF, V60

where:

AR/C = rate of climb correction for devistion
in temperacure, feet/minute
AF, = net thrust correction for deviation ia
temperature, pounds
Vi = true speed, [ect/second
W = airplane gross weight, pounds
Weight corrections were detesmined from
equations found in refesence 2. Summing the rates
of climb corrections and test rate of change of spe-
cific energy produces a standard rate of climb st zer0
acceleration. Where climbs were made at other than
constant true speed the following equation was
used:

v, =
v, t
R/G= 1 + Vv, dv

g dh

where:

R/C, = standucd race of climb, feet/minuce
1 JdE = standaed rate of change of specific
W, dt energy, feet/minute
dV.= rate of change of speed with sltitude,
“dh  feet/second per foot
Specific energy was computed in order to find time
to climb:
E \
=g tHe
E/W was then plotted againsc the reciprocal of the
rate of change of specific energy, de Times to
TdE
climb were found by integrating under the curve.
It was found nccessary to make corractions to
altimeter ccadings for lag in ihe static pressure,
Lag correcrions were determined from the equation:

Ho - 1 dh
A - ut "l ’. d‘
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where:
AH = altimecer lag, feet
Ast. = lag constant at sea lcvel, seconds.

Mp . .
—— = viscosity cocfficient ratio
Rat,

3. = ratio of pressure at altiude to that at
sea level

h
-a-t-= rate of climb, feet/minute

A sea level lag conscane, Ay, was determined from
s comparison of altitude recorded in the airplane
to that recorded by Askania cameras during maxi-
mum power climb.

Race of change of specific energy was found for
standard conditions as described under Climbs. This
was converted to excess thruse by the equation:

1 dE

T..=-‘7 P a4

V.60

b P g e B

where:
Tou = excess thrust, pounds

Time o accelerate was slso computcd as for the
climbs by integrating under a curve of

dt
hebll w,
w I versus E/

:if_

8 turns
Datu was plocted in the form:
Tee w a\?
Tvcm T ¢ T
where: .
a = load fsctor

‘Daca for this plot was wken from level accelerations,

g

{ sweady curny, and decelerating turns. Lines of con-

- stant Mach aumber wcre then faired through the

; points. Data for specific conditions was expanded

;‘ feom this ploc. Radius of rurn was computed from
the equation:

] v

f 13V ar=1

i where:
{ R = wurning radius, feee

o TSI

Deceleeation for tuens using load factors higher than
maximum for stemdy conditions was computed feom:

L ,_8 (E

4 e c—

v, W dt ,

Change in heading with loss in Much number was
calculated from turning radius and deceleration,

A landings
Ground rolls were corrected with the equation:

S, _ ( v, + V. )m P, T
Se,, Vi, P.. Tu
where: !
S,, = standurd landing distance, feet
Se,_ = tese landing distance, feet |
V,, = airspeed at touchdown, feet/second .
V. = component of wind velocity parallel
to runway, feet/second (headwind +)
Correction to air distance for wind velocity was
made as for take-offs.

8 pltich and yaw corrections

Errors in indicated angles of attack and sideslip
tesulted from differences between locsl airflow over
the vanes, and free screum air low, No calibeations
huve heen made on an F-104A but those made on the
XF.104 preduced the following results:

ANSLL OF ATTACK
TRUt INBICATED
ANeLt ANGLE do IND.
— DES. - OE8. da TRUL
BELOW 1.2 MACH
NuMger 0 ~4 113
OVER 1.4 MACK
numser 0 -1 1.5
ANGLE OF VAN
TRUE INDICATED
ANGLE AnGLE ¢y IND.
- 0t4. - Of8. dy TRUE
BELOW 1.2 MACH
Numeer O 0 179
OVER 1.4 MACH
Numeer 0 0 18
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8 dimensions NOSE FLAPS (PIR SIDE): "
GENERAL DIMENSIONS: Mown shord 140
Longth. $4.77 0 Deflection limit 30°
Holght. 13.49 &
Spen. 2M.9%H SPEIO BRAKES:
Ares (prejected) 8.28:q. h
wiNG: Dettacnon imt o '
Aroa 196.1 3q. 1t
Spen 21.94 fr FustLAGE:
?tm r:‘N- g:;. !um.:l ares. H.so'nq. .
sper ratle tong n.
%7“ R . :oo t 25% Finoners retie 9.00
- [
luddom. reot snd tip. o HORIZONTAL TAW:
Alrtell soction Modified biconvex Arce 48.21q. f1.
3.4% thick Doﬂnﬂo? Himit . .
cont $I3te =17
"‘:'0":‘" \ .46 sa iy RETPSIE
Deflection sige VERTICAL TAIL:
TRAIING §DGE FLAPS (PER SION); Aroa totel- XYW
Ares. §1.55 4q. 10, Rudder deflection...... . — 28
Averoge cherd 30.2in. Area, yow damper.. ae e 1.00 3q. f1.
Deflection limit___ "~ 48 Yow dompaer deflection ... _ _x20°

90



existing during phase (I tests
VG LTS,
Ci, Teducad 20 porcont above .9 Mach aumber
Load tuctor of 3¢ ponding siructural integrity tests
AUERON ROLLS:
One ¢ sad 42 parcont allaren dofloction

LiMIY SPREDS:
Qver 40,000 fewt 2.0 Mach aumber
30,000 foet 1.57 Mach aumber
20,000 feet 1.24 Mach number
10,000 feet 0.9¢ Mach number
LANOING GEAR EXTENOED:
Oparating 260 knots IAS and 3.
Lecked down 295 hnots |AS and 3.::
WING HAPS EXTENDED:
15¢ = 13° 293 knets |AS and 3.0¢
30° -~ 4% 240 bnels IAS ond 3.0y
COMPRESSOR INLET TEMPERATURS:
131+€C
€O UMITS:
2 1o 20% MAC

i power plant

ENGING:
Menviacturer: Generel Eloctric
Designation: YI79.3

ENGINE RATING:
MNet $AC
W% RPM  Nei Theust ~ b, Th/hrelb,
Masimum 100 15,600 1.972
Milirery 100 10,000 0.840

AR - . P12 TR

WEIONT:

Susic welght, including instrumentution,

ballast, oll, and residual fuel 13,291 b,
Pilet 250 Ih.
Fuel (762 gallon ot 4.5 pound per
gelien) 493" 1.
Gress weight at engine start 18,4% ib.
BALANCE;
The graph helew shews the releticaship between
g posi and weight.
[ 4
[ ]
[ ]
i,
i
’ -
"
i
L]
. [] [ ] ’ [ J - @ o @ - = s W 4 - BN

wstier @4 ¢

8 Instrumentation

Tost data wes recorded by means of o pholo-recorder
and on osdilograph located (n the electronic comparnt.

menl, Instrumentation used

bolow.

PHOTO-26CORDER

Almoter

Alrsposd

Tothomoter

Froe ols tempereivre
Enhoust gos temperaiuwre
Vorticol sstoiorameter
Slop wetth

Ousillograph covnier
Fuel torelizers

Suhavs? netsle aree
Powar lover position
Turning discharge tetel presswre
Fuel temperatures
Neoding

during these tesls is neted

OsCItLOGRArN

Srobilisar peasitien
Stobiliser sich force
L% and right sileren pesitiens
Ailacon odick forcn
Rudder positien
Rudder padal force
Angle of stteck
Angle of sideslip
Angle of bank
Vertical acceloromater
Rl rate

Yow rete

Plach rate

Ungine leal Now
Atrerburner fuel flow

14
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8 Intreduction

A limited evaluation of the cockpic design
feacures of the F-104A was conducted throughou:
the Phase 11 Flight Test Program. As a resulc of chis
evaluation thcre have been a number of deficiencies
noted varying in degree of importance. Isolation of
the difficulties was made through pilot comment
and through independent investigations. The cock.
pit evaluation must of necessicy be considered in-
complete in that many of the production model
instrumants and essential cont:ols, such as che radar
on the srmament panel, were not installed or uril.
ized in the Phase Il aiccraft. This commentary will
therefore cover two categories of items, i.e., evalu.
ation of deficiencics occurring as a result of seznd.
ard inscsllations, and those where a comparison of
production aircraflt indicates a potential problem
srea based on previous fligat cesc experience and
principles of buman enginssering. I¢ should also be
noted that a aumber of che deficiencies outlined
below are presenctly being considered for corrective
action in lacer sircraft; however, the purpose of this
reporc is to point ouc and record actual and pocen.
tial arcas where emphasis should be placed to im.
prove simplicicy and efficiency in the operativa of
the aircraft by che pilor.

7
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Cochpit Accessibility: The peincipla of simplicicty
and accessibilicy is well illuscrated in che F-104A
cockpit; particularly when sn evalustion is made
on a compacative basis. Although the full range of
pilot sizing ws* noc encountered during Phase 11
testing, cthe pilu. was aear the median in physical
size and reportedly experienced no difficulty in
reaching all controls with or without shoulder har-
ness locked. W' % the exception of a few circuit
breakers all console coatrol pancls and essencial
flight controls are forward of the seat neutral refer-
ence point. Similarly, all forward controls and panel
arens are within easy resching distance. With one
minor exceptic  that being the snap-up saandby
compass, there should be no difficulties encountered
as a result of the linese discance of controls from
the pilot’s positios.

Emergency Licar~ System: The F-104A is presencly
equipped wich . nodel B.2 type ejection seat. Sled
runs whercin this cype of seas has been experimen.
tally cjucted har sulted in che disincegration of che
seat ac spueds in. e range of 600 knots. Scudies of
the physical tolerances of the human being innicace
that the present cjection seat assembly installed in
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Flighe Tesc F-104A airceaft, and conemplaced for
the Phase IV and V1 aircrafs, is not adequace to
pruvide for emergency escape by the pilot through-
out the full performance range. This condition has
been recognized by the Air Force and the coatractor
and improved sjection seas ssuemblies are sched.
uled foc later production models. Piloes using the
B-2 rype sesc should be fully sppraised of ics limi-
tations. Introduction of improved emergency escape
equipment should be given high peioricy.

The safety pin installed in the initistoe berween
the foot guides on the front of the ejection seat
provides for a ground safetying feacure, However,
it has been nowed that in other aircraft with pins in
this position, the warning streamsr frequently falls
beneath the sest scructure which tends to mitigate
its warning function and increases the possibilicy of
the safery pin being inadvertently overlooked. This
was prevented during Phase 11 testing by the addi.
tion of a bunges cord 0n the looss end to allow the
strcamer to be looped over the end of the control
stick, This is a local Luckheed modification; how.
ever, it has meric and should be applied o safccy
pin-warning flag assemblies cmployed in this sir
craft,

The p-eachuce suppore fillee utilized in the seac
paa in coc.acction with the MC-1 sircralt cushion
dous not appesr 10 be sdequate in two aress. Past
experience indicates thae the suppose ledge will be
too low (o effcctively remove the weight of che para.
chute from the back and shoulders of the pilot,
capecially with the D.§ type chute. Examination of
the filler item also indicntes thac the plastic material
eapidly degenerates under weae encountered from

fighe or ground maiatenance activities. The iatro-
duction of complete seat cushioa survival kit assers.
blies into the seat pan may eliminats the need for
this filler in later model aiccrafe. Uatil chat time it
Muhmdcodcqmuwmmiuw

The ejection sest is equipped with a lap belt
tie dowa steap inscalled on the forward pert of the
sest pan. The mechanism foe sdjuscment of this
strap is almost completely insccessible 10 the pilot
once he is positioned ia his seae. The sdjuscment
device is located below the “D" ring actachment
fittings and also behind the foot guides. Unless the
pilot is able to make the necessacy fisting of chis
steap che lap belt will aoc provide the expecred
bodily rescraint against accelerstive forces. A poten-
tial mathod of simplifying the adjustment of this tie
down strap is aoted in the recommendacioas.

The canopy design of :his aircrafs does not
incorporsto sa explosive jettison devics for emer-
gency externel removal of the canopy. Provisioas
for exterual rescue entrsnce is made through s maa.
unl external canopy release mechanism on the right
side of the fuselage. No provision is msade for en.
teance on the lefc of the fuselage. The existing
external release mechanism is idencified with letter-
ing indicating its location, and mecthod and direction
of operation. These word mackings sre yellow in
color and while sufficient to indicate the nature of
the control, are noc adequace to immediacely alert
rescuing personnel co che location of the only avail-
able external relense on the right side.

Pilot’s hundbooks normally contain a section
an emergency peocedures which includes such data
as the ejection sequence, limicing speed, lap bule

9
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separation times, amd general caution duta. The per-
formunce of this aircrafe ad the limitutions on
vjection imposed by the present cjection system
requires that greater detail be developed regarding
potential flight conditions of the aircraft wherein
ejection would in all probability bu ¢xtremely haz-
ardous or unsuccessful. Graphic dac should be in.
cluded in the bundbook to illustrate “time to go™
and alticude factors which will affece a pilot’s deci-
sion to abandon the aiecraft or remain until a lower
speed is reached. Daea should be based on aircraft
in unconerolled dives at varivus angles, drag induc.
ing conditions, puwer situations, ctc., from various
initial alticudes. This Jata should then be combined
with required sesc ejection times, lap belc and seuc
separation times to provide the pilot with realistic
conditions where cmergency sepacation from the
aircraflt may L.come necesaty.

Oxsgen Equipment: The F-104A is preseutly fitred
with an MB.2 type high pressure uxygen regulucor.
The panel fur this installation occupies a relatively
L.rge portion of the right foeward console ares. The
introduction of liquid oxygen equipment into sub.
mqg:ent aircralt and the uwse of inwegrated cxygen
equipment will result ia che elimination of 3 need
for this regulator. Future regulators will be required
0 deliver 10077 oxyges a¢ all times o meet the
ptessure aveds of impeoved pressure halmets and
83 8 result many of the festures of the present regu-
lator are no longer satisfactocy. Removal of this
penel and the inttaduction of a4 J-imch pancls cun.
taining sn oxygen quamtity gsuge and esmential
control valves will provide additivnal cunsule spuce
in this area.

Present oxygen provisions, a8 rcgeeding emer.
gency oxygen snd personal lends, are not computible
with the new concepes of integrating this equipment
into the sene cushion-survival kit assembly. There is
8 requirement to incorpurste the oxygen regulator
intn che sear cushion-suevival kit ssembly. Pervnal
leads o che piloe, (oxygen amd suit pressuee), as
well a3 communications and face plate heue should
be routed into che survival kit and integrated with
personal luds from the pactinl peessure suit, pres.
sure helmee, and emergency oxygen cylindee.

I¢ is noted chat the lead from the ship's oxygen
supply to the pilot's mask is locaced to the luft reae
of the pilot. When the piloc empluys 4 peessure suie
with this arrungement the howe muse of necessicy
croms che body to the manifold ficting on che righe

of the bady. As the conteactor hus the alteenative of
placing this connection on cither side of the seat
there seems to be little aeguancent for cetaining it in
a pusition where as it crosses the body it will add to
the alrendy heavy clutter of steups und hoses on the
piloe. 1t would scem self cvidene thae with the
intenduction of fittings for the MCof Partial Pressuree
Suit simplicity und utility of personal leads will be
improved if cocncctions are on che right of the piloe,

Flights during Phase Il testing were made with
a modified MC:| parcial pressure suit. Missions of
one hour and fifteen minutes were completed with
an indication that adequate oxygen was available,
The oxygen ducation chare in the handbook would
tend to indicate that sufficient quantities of oxygen
will be available, particularly since the addition of
more bottles which increases the supply to approxi.
macely 29.7 cu fc of available free gas ac sea level
under standard temperature conditions. However,
experiment in altitude chambers using the MC-{
type pressure suit indicates thac this equipment will
create a grealy increased oxygen coasumption rute
when compared to that normally experienced with
standard equipment. For example, a¢ ground level
the consumption rate using the MA-2 pecssure hel-
met (normally used with the MC-4 partial peessure
suit was $4.0 cu f¢ per hour; ac 10,000 fe, 32.0 cu It
per houe; ac 25,000 ft, 15 cu ft pee hour. As the cubin
pressurizution schedule indicutes cabin altitude will
not gencrally exceed 25.000 ft, under normal condi.
tivns the oxygen cunsumption rate will always
average greatee thun 15 cu ft per hour, especinlly
when onygen is used at ground level. Thus, even
with the uddition of high pressure boctles to incrense
the availuble oxygen to its present quantity, the
peciod during which che piloc can anticipute having
adequute oxygen will be greatly reduced when im.
proved altitude protective equipment is employed.

Contrale: The drag chute release handle is located
on the forward insteumuene panel slightly to the
Jghe and foeward of the throttle ares. Examination
of this installation indicates that there is marignal
clearance (u maximum of 115 inches) between the
lefe vertical console and the buck of the “T™, This
restricted accuss to the handle would make it diffic
cule to sevure a fieny geip theough a simple sseaighe.
forward grasping motion, pacticularly if pressuee
Rloves were utilizad, It s alvo aoced thae identifica.
tion of the deag chute handte as outlined in ARDCM
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80:1 has noe been met as regands the reguitement
for symbolic shape coding. This identificution as
well as a color conteast between the gmy of the
control and the gray background pancling is more
of a requircment because of cthe relutive focation of
the munual gear eelense T handle located udjuacent
to the drag chuce handle.

The pilac reportedy encountered difficulty when
utilizing the wheel brukes, The probicm is associ.
ated with two differene conditions. The simple
hydraulic brakes installed in the aircrafe fese of
all require thut the pilot employ a relutively high
pedal force to secure ¢he beaking action necessary,
This fact in itself will require a period of familiar.
ization for pilots whose past experience has been
mure closcly associated with power cype brakes. In
addition, the piloc is required to “pump” the beakes
once or twice t0 secure full braking action and
equalize braking forces. When such action is neces.
sary during a ground rofl where directional control
is essential or where immediate beaking is cequired
it may produce potentially hazardous conditions.

Immediatcly above and forward of the land-
ing gear control is a hutton laheled, “landing gear
down lock override”. This switch functions as sn
emergency oserride to allow the pilot to ruise the
gear with the weight of the aircraft still on the
wheels. The location of the button it appropriate
to its function; however, the miniaturized size of
the button and the putential interference thae will
occur from the raised portion of che vertical console
adjacent to it as the pilut actempes activation indi.
cates thae minor design changes may be required.
A pilot utilizing a pressure glove would peobably
find ic Jifficult 10 positively and cleanly activate this
button during the putential emergency conditiuns
when ground gear retraction would be essential,

Directly under the main instrument panel and
en cither side of the armament panel are located u
el of four manually activated controls whow
functions are such as w categorize them as cmee.
gency controls. These are: Landing Gear Manual
Releaw Hundle, Rum Air Turbine Extension Han.
dle, Pylon Tank Manual Jettison Handle, and Tip
Tank Jettison Handle. At the present cime the coloe

of these conteols is & sandard grey which does noc

provide the ientification oe contrast essential for
emergency type controls. A standard orange.yellow
amd black seriping should be used t0 more cleurly
outline and identify the controls, This is also true

of the Hatch Jettison Handle located on the right
side of the nemament panel.

Instruments: Several of the flight instruments ro.
cvived geneeal criticism as tw Iocation and qualicy
of the information presented to the piloe. A com-
ment iy also included on one indicutor which is
scheduled for production inscallation, but which
was not utilized in the Phause I sircrafe,

The ME-2 air speed indicator was not fele to be
sutisfactoey primarily because of the "“cluctered”
nature of che air speed scales, the change in I1AS
scale from the outer scale to the inner scule ac 200
knots, and the difficulcy encountered in securing
simplified check readings of air specd with minoe
increments of error. It is noted in the pilon’ com
ments that during approaches and base legs critical
specds are in the scale area where there is a con-
version of scale values mnking it difficult to "peg”
a particular value.

The Phase Ul sircraft contained instrumentatioa
which placed the Critical Inlet Temperature gauge
to the left of the primary flight group on the for-
ward instrument panel. This position was fele to be
advantageous as compared to the scheduled position
on the lower right forward instrument sub-panel.
The function of this gauge is closely sssociated wich
air speed and its location nese the primary flighe
group would appese to be essential, It is noted thac
s change :a the location of chis inscrument in pro-
duction sircrafe to the more preferred location has
been subraitted as an ECP. Some fusther evaluation
may be necessary 1o detsrmine the fuactional utilicy
of the information presented by this inlicator, espe-
cially when a flashing lighe on the forward inscru.
ment panel signuls when the temperacture linic has
been reached. In the event the piloc does not require
data which reflccts an increase or decrease in actual
inlee temperature and needs only to know that he
is opevating within limits it may be pouible w0
eliminate the instrument and rely only on the
“checking” nature of the flashing light signal.

The 2.inch accelerometer on the lower for-
ward sub inscrument panel was criticized primaeily
because of the teadability of the scale and the in-
herent crroe of cthe inscrument. Past experience in
high peefurmance aircrafe and flights during Phase
Il testing indicated that the accelerometer is be.
coming a prime inscrument in many phases of flight.
“G"” loudings during climbs, turns, ctc., are critical
in muny instances und a more refined presentation

9
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of this type datu to the pilot becomes moure essential,
An improved Jeinch acculecometer is known to be
avuilable and would represenc a considerable im.
provement in dial legibility and instrument error
over the present indicutor.

The flip-up stand-by compass located to the
pilot's lefe, forward of the glare shield, was con-
sidered slightly beyond reach of the pilot; however,
this is not coasidered critical as it can be reached
with slight effort or slight relesse of the shoulder
harness. It represencs the oaly item where accessibil.
ity to the medium sized pilot was marginul.

The Radio Magaetic Indicator is to be utilized
in che fight group as s primary directional reference.
This inscrument has previously been reported as
insdequate for aircraft to be utilized uander s ground
concrolled intercepe operation. The indicator pre-
sencation is 50 srranged that the heading is resd
from a moving scale aguinse a fixed index ac the top
of the instrument; thus check resding of the heud.
ing as with a8 moving pointer indicstue is not pos-
sible. Turning t0 & desired new hesding with the
RMI causes the piloc to first decide which direction
he must turn (often times turas are searted in the
wroag direction becsuse of the ambiguous presenta.
tion) sad secoadly to monitor the moving scale very
clossly in order 10 stop the turn st the proper hesd-
ing. Utilizing an instrument which employs s
moving pointer indicator allows the pilot 10 merely
set his desired hesding ac the 10p and fly the pointer
to a vertical pasition. Such s capabilicy is a greac
convenience in combat/defense tions under
GCl operstion since the pilot is relieved of the task
of remembering the directed heading.

Warning Lights: The wutd waening panel on the
right vertical console coauwins individual caution
indicators which sre activaced whenever a particulae
condition is to be called (o the atention of the piloc.
Signals provided by thews indicacors sre more cepre-
sentative of actions which do not necessarily require
immediate action by the pilot. At the present time
the mask and/oe light for this panel is ced in coloe
which is a color more generally reserved for signals
more critical in dJegeee of significance. The word
warning pansl color should checefore be corrected
to ceflect 4 inare accurate indicacion of the nature
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of the signul, Piloe comaicar on the intensivy of the
lighting on this panel indicates that some adjusement
muay be required to provide for proper signal
strengeh ducring unusual lighting condicions, par-
ticularly during day light operation.

The "Master Caution” light on the forward
instrument panel also presently employs a red mack
and/or light whereas the nature of the signal re-
Quires that an amber color be associsted with this
type of signal. Corrective action will require that
the color of the light or mask be changed as well
a3 making pussible adjustments in the incensity of
the signal.

The landing gese warning light panel is so
designed thac a relatively small green mask is seen
by the pilot when the lights are activated. Normally,
a "pinpoint” light requires a greater intensity to
provide the same stimulus thae 3 light with more
area would provide, Under certain lighting condi-
tions the presence of a light with a larger aces would
be more discernible and alerting to the pilot.

@ Miscellaneows: Circuit breakers on both the left and

righe consoles are difficult to identify when they
hava “popped”. The consoles are inclined at an angle
of approximately 30° which places them so that they
are simost perfectly perpendicular to che piloc's line
of sight. As a resule the piloc cannot identily a
popped bresker excepe through noting the ‘dimen.
sional relationship™ among adjacent circuit breaker
heads or through lowering his head and exuwining
the contrast between the console area and circuit
breaker shafts. This latter identification is hindered
because of che lack of concrase between the shaft and
surrounding console area.

Frequeney clisnnelication of the ARC.34 UHF
radio is noted on the radio control panel on the
left console. In the past this arrangement has been
unsacisfactory as pilots cannot read the frequencies
assigned, especially under nighe lighting coadicions.
The wording and numbers identifying each chunnel
ure generally quite illegible excepe at close range
and under ideal lighting. To correce this, channel
frequencics were typed on u curd which was placed
in che snapup compuss correction card holder in che
Phuse 11 aircrafe. In production models a similac
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index card holder should be provided for radio
channelization where it will be readily accessible
to the piloc for case of reference.

Switch guards on cthe Stability Augmenation
Control panel were identified with word markings
indicating their appropriste function in the Phase 11
aircraft. It was noted thac subsequent models did not
have this feature. Although lighting on the panels
may provide sufficient data for generalized location
of switches during night flights, additional word
identification etched into che switch covers provides
the pilot with sa additional assurance that he is
selecting the proper equipment during normal dey
light operations. The three switch guards on the
seabilicy augmencation panel, the generator switch
guards, and the fuel cank selective jettison switch
are all considered 22 requiring this cype of lettered
ideatification on the swiwch guard proper.

Exsminstion of the cockpit ares indicates thac
the piloc lacks an appropriate space 1o store maps
or reference data desired during flighes. All macerial
will therefore have to be retsined oa his person.
The addition of the pressure suit may preclude
suaching these materials 1o the normal Aying suit,
therefore, loose material will peobably be scattered
about che cockpit. A portion of the console ares
should be modified to allow map and data scorage.

The radar control panel was noc insealied ia
the Phase 1l sircraft. Examination of s second tesc
vehicle ir.dicated a need for more appropriste iden.
tificacion of the Master Switch-Scope Intensity and
Receiver Frequency Control-Receiver Gain control
switches. Each paic of coutsuly wre lucated on &
common switch axis with a design which has one
function slightly stepped above the ocher. The
switches are shape coded to sid in identification
arnd proper selection of the desired function, how.
ever, the Isck of contrase between the swicches ard
the radar panel proper makes it very difficulc o
distinguish che controls. If the importane switches
are puinced light coloes chey will stand oue 30 cthac
they can be casily located and identified as to distinct
function,

L e R el s w  Ls b o e st g

Visibility: External visibility would appear to be
comparable to or exceed other fighter type sircrafe.
With minor hesd movement the pilot can secure
360 degree visibility in the horizontal plane. Over.
hesd visibiliry is also good with the exception of
intecference from a canopy structure behind the
head. Forward over the nose visibility exceeds the
established minimums and is approximately 12 de.
grees below the horizones! plane, Side visibility
approximates 34 degrees over the side from a normal
head position and more if the hesd is moved o
tither s.de,

Internal visibility of inscrumeat and control
panels is aided by the simplified nature of the cock.
pit, however, the cockpic has not been excensively
evaluated vnder nighe flighe conditions and with
the cype of lighting fixtures installed there are oc-
casionsl dack spots, etc., which should be eliminaced.

Ventilation, Air Conditioning, and Pressurization:
The introduction of pe-sonal equipment to the body
of the piloc and the wactical tequirement for crash oc
ejection protection may require tha¢ the pilot use the
ventilating garment of the MD-1 antiexposure suic.
Use of this gear will require that a source of veati-
lating air be provided either from the air condition.
‘ng system or from a sepacate air source. Uatil such
time a3 this requiremenc does noc exist a provision
should be made 10 provide the necessary air supply.
In the event it is not considered feasible tv equip the
aircraft with a permanent source of ventilating air
the necessary structure snd wiring should be in-
cluded to silow easy inscallation of a separate blower,

At the present time ground cooling of the
cockpit is accomplished chrough opening the piloc's
Ram Air Scoop. The system operates so thac to
secure the necessary engine cooling during ground
operations it is impoasible to use the air conditioning
system for cockpit ventilation and cooling. This
particular condition should be studied and corrective
actiun taken ¢o allow pilot use of ¢he air condition.
ing syscem at all phases of ground or Right operation.
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DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE MATERIEL. COMMAND
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

MAY 2 3 2000

MEMORANDUM FOR DTIC/OCQ (ZENA ROGERS)
8725 JOHN J. KINGMAN ROAD, SUITE 0944
FORT BELVOIR VA 22060-6218

FROM: HQ AFMC/SCDP
4225 Logistics Avenue, Room A112
Wright-Patterson AFB OH 45433-5744

SUBJECT: Change in Distribution Statement for AFMC Documents

1. Distribution statements on several documents were officially changed to Distribution
Statement A in accordance with AFI 61-204, 27 Jul 94, Disseminating Scientific and
Technical Information. The documents (excluding those marked out in Atch 3) are
owned by AFMC and were reviewed by the HQ AFMC History Office and HQ AFMC
Public Affairs Office. The documents cleared for public release are listed on three
attachments.

2. Please direct further questions to Ms. Lezora Nobles, AFMC STINFO Assistant,
HQ AFMC/SCDP, DSN 787-8583.

@'C'u@p NN XA/LVL)L,Z,ZQ/W“:,

PATRICIA T. McWILLIAMS
AFMC STINFO Program Manager
Directorate of Communications and Information

Attachments:

1. AFDTC/PA Memo, 11 Jan 95

2. HQ AFMC/PAX 1* Ind, 4 May 00
3. HQ AFMC/PAX Memo, 5 May 00
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2. Attachments a through ¢ are part of an internal AFMC/HO review; attachments d and
¢ are requested by Mr. Morris Betry, a private researcher; attachments f through h are
requested by Ms. Pat McWilliams (AFMC/SCDP); and attachment i is requested by Mr.
Gregory Hughes (ASC/ENFD).

3. The AFMC/HO point of contact for these reviews is Dr. William Elliott, who may be
reached at extension 77476.

h,.J.,uJ.vC\-u\
JOHN D. WEBER

ommand Historian

Attachments:
AFSENeo—1501+H4—
AFSENo400490—
DTIC No. AD-098 048
DTIC No. AD-376 934
DTIC No. AD-895 879
DTIC No. AD-094 838
DTIC No. AD-068 388
DTIC No. AD-046 931

TR me oo g6

l1st Ind, HQ AFMC/PAX 4 May 2000

This material has been reviewed for security and policy IAW AFI
35-101. It is cleared for public release.

JAMES A. MORROW
Security and Policy Review
Office of Public Affairs



